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Description 

FIELD OF THE INVENTION 

This Invention relates to an actuator and, more 
particularly to a so-called voice coil type actuator or 
a magnetic driven actuator adapted to linearly dis- 
place a dispiaceable member such as a movable lens 
in a lens system of a camera or a recording/reproduc- 
ing head in a disc type recording and/or reproducing 
apparatus. 

PRIOR ART 

The actuator of the aforementioned type usually 
comprises a tubular movable member supporting 
thereon a movable coil which is supported slidably on 
such a member acting as a guide shaft; magnetic 
field forming elements consisting of mutually con- 
tacting magnets and a yoke being arranged to define 
an annular space for receiving the movable coil and 
to form a closed magnetic path with the magnetic flux 
passing through the movable coil in the direction per- 
pendicular to the axis thereof; and a dispiaceable 
member being connected to the movable member, 
whereby the dispiaceable member is moved by a 
force acting when the movable coil is actuated. 

Fig. 15 shows one example a of such prior art 
voice coil type actuator as disclosed in Japanese Pa- 
tent Disclosure (Kokai) Hei/1 (1989)-1 96011. 

In Fig.15, shown at b is a housing of the actuator 
a which is secured to a lens barrel c. Bearings d and 
are mounted on the opposite ends of the housing 
b to support slidably a sliding shaft e in the axial di- 
rection. A yoke member f having a tubular outer yoke 
portion g and a front surface portion h closing one 
end of the outer yoke portion g is secured to the hous- 
ing b coaxially with the sliding shaf t e. Agenerally ring 
shaped magnet i is mounted on the inner surface of 
the front surface portion h of the yoke member f co- 
axially with the outer yoke portion g. The polarity of 
the magnet i is different in the axial direction. Further, 
a ring shaped inner yoke j is mounted on the rear sur- 
face of the magnet i so that the yoke member f, the 
magnet i and the inner yoke | act to constitute the 
closed magnetic path of the magnetic flux of the mag- 
net [as shown in the arrow broken lines in the draw- 
ing.Shown at k in Fig.15 is a movable member con- 
sisting of a generally disc shaped main portion I, a 
boss portion m projecting forward from the central 
portion of the main portion I and a generally tubular 
coil bobin n projecting forward from the outer circum- 
ferential portion of the main portion L The boss por- 
tion m is secured to and fitted on the sliding shaft e 
and, the movable coil o is wound around the outer 
periphery of the bobbin n and is located in an annular 
space defined by the magnet I, the inner yoke j and 
the outer yoke g. Thus, the magnetic flux flows, with 



respect to the movable coil o, in the direction perpen- 
dicular to the axis thereof. Shown at p in the drawing 
is a lens retaining member for retaining a movable 
lens r In a generally tubular lens retaining portion q 

5 thereof, and a connecting portion s of the lens retain- 
ing member p projects from the rear end of the outer 
circumference of the lens retaining portion q and is 
connected to a surface of the main portion [ of the 
movable member k on the side opposite to the inner 

10 yoke j. 

When the movable coil o is supplied with actuat- 
ing electric current, a force is applied to the coil o for 
displacing it in the direction determined by that of the 
electric current whereby, the movable member k, the 

15 sliding shaft e and the lens retaining member p dis- 
place integrally. 

There are shortcomings in the prior art actuator 
a such that since the connection between the mov- 
able member k supporting the movable coil o and a 

20 dispiaceable member consisting of the lens support- 
ing member p and the movable lens r is located at the 
location deviated from the axis of the movable coil o, 
the axial size of the actuator a increases by a size L. 
Further, the inner yoke j and the outer yoke g for 

25 forming the closed magnetic path of the magnetic 
flux of the magnet i are arranged sequentially in the 
direction perpendicular to the axial direction, the size 
in the radial direction will also increase. 

For an example of a voice coil actuator substan- 

30 tially corresponding to the preamble of claim 1 , refer- 
ence can be made to WO-A-80 01 861 . 

A voice coil actuator for displacing lens elements 
is disclosed in DE-A-2637412. In this prior art device, 
a pair of coils is dispiaceable inside a yoke that has 

35 disk shaped magnets at either end. 

SUMMARY OF THE INVENTION 

An object of the present invention is to eliminate 
40 above described shortcomings and to provide a novel 
voice coil type actuator as defined in claim 1. 

According to the invention, the connection be- 
tween a portion of the movable member supported on 
the guide shaft and the dispiaceable member or a 
45 member supporting the dispiaceable member is per- 
formed at a location outside the actuator. Thus, it is 
possible to minimize the axial length of the actuator. 
Further, since the guide shaft supporting the mov- 
able member can act also as an inner yoke it is pos- 
50 sible to refrain from providing separately the inner 
yoke, which enables to reduce the number of parts 
and to reduce the size in the direction perpendicular 
to the axial direction. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more fully appreci- 
ated and understood from the following detailed de- 
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scription taken In conjunction with the drawings in 
which: 

Fig.1 through Fig.4 show a first embodiment of 
the present invention as applied to an actuator 
displacing a movable lens in a lens system of a 
camera; 

Fig.1 is a longitudinal sectional view showing the 

essential portion of a lens tube; 

Fig.2 is a section view taken along line ll-ll in 

Fig.1; 

Fig. 3 is a partially broken perspective view of the 
essential portion of Fig.1; 
Fig.4 is a partially broken exploded view of the 
essential portion of Fig.1; 
Fig.5 is a sectional view of the essential portion 
of a voice coil type actuator according to a sec- 
ond embodiment of the present invention; 
Fig.6 is an enlarged exploded perspective view of 
a yoke member of the actuator of Fig.5; 
Fig. 7 is a sectional view of the essential portion 
of a voice coil type actuator according to a third 
embodiment of the present invention; 
Fig. 8 is an enlarged exploded perspective view of 
the essential portion of the actuator of Fig.7; 
Fig.9 is a sectional view of the essential portion 
of a voice coif type actuator according to a fourth 
embodiment of the present invention; 
Fig. 10 is a partially broken enlarged perspective 
view of the essential portion of the actuator of 
Fig.9; 

Fig. 11 is a longitudinal section view of the essen- 
tial portion of a voice coil type actuator according 
to a fifth embodiment of the present invention; 
Fig. 12 is an enlarged exploded perspective view 
of the essential portion of the actuator of Fig. 11 ; 
Fig.13 is a section view of the essential portion 
of a voice coil type actuator according to a sixth 
embodiment of the present invention; 
Fig. 14 is a partially broken section view of the es- 
sential portion of the actuator of Fig.1 3, and 
Fig. 1 5 is a longitudinal section view of one exam- 
ple of prior art voice coll type actuator. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

First Embodiment (Fig.1 through Fig.4) 

The first embodiment shown in Fig.1 through 
Fig.4 is a voice coil type actuator as applied to an ac- 
tuator for displacing a movable lens in a lens system 
of a camera. 

Firstly, it will be explained with respect to a lens 
tube provided with a desired lens system. 

Lens Tube (Fig.1) 

A lens tube 1 (only the front portion is shown in 



the drawing) includes an outer shell 2 which is formed 
to have a generally prism like configuration (Fig.2) by 
connecting a front shell 3 and a rear shell 4 with each 
other. The front shell 3 is formed to have a generally 

5 tubular inner space 5 opening in the front and rear 
end surfaces and, the rear shell 4 also defines therein 
a generally similar inner space. 

There are provided in the inner space 5 lenses 
6a, 6b, 6c, 7a, 7b and 7c respectively having prede- 

10 termined light controlling function, in an opening 8a 
of an intermediate wall 8 constituting the front end of 
the rear shell 4 lenses 9a and 9b, and in the inner 
space (not shown) of the rear shell 4 a plurality of 
lenses (not shown) with the optical axes of these lens- 

15 es being coinciding with one another. A lens group 1 0 
consisting of the lenses 7a, 7b and 7c constitutes a 
movable lens for zooming. 

Shown at 5a and 5b are recesses or grooves ex- 
tending in the fore and aft directions and are formed 

20 in the inner periphery of the inner space 5. One 5a of 
these recesses has a generally C-shaped section for 
arranging the actuator, and the other recess 5b has 
a generally U-shaped section for arranging a guide 
portion. 

25 The recesses 5a and 5b are disposed opposingly 

with respect to the axis of the inner space 5. A major 
portion of the voice coil type actuator 11 is disposed 
in the recess 5a, and a generally circular rod-like aux- 
iliary guide shaft 12 is disposed in the recess 5b. The 

30 auxiliary guide shaft 1 2 extends in the fore and aft di- 
rections, the opposite ends in the fore and aft direc- 
tions being supported on the outer shell 2 respective- 
ly - 

Shown at 13 is a movable member supported 
35 siidably on a guide shaft 14 of the actuator 11 and 
also supported slidably on the auxiliary guide shaft 
12 in the fore and aft directions. The movable mem- 
ber 13 is displaced by the actuator 11 and supports 
the movable lens 10. The movable member 13 moves 
40 betweenn the position shown by two dot chain lines 
and the position shown by one dot chain lines in Fig.1 . 

Actuator (Fig.1 through Fig.4) 

45 The actuator 1 1 consists of the movable member 
13, a guide shaft 14, a movable coil 27 supported on 
the movable member 13, a magnet 20 and a yoke 
member 17 being arranged to surround the movable 
coil 27 throughout the range of the movement thereof, 

50 and the like. 

Guide Shaft, Yoke Member 

The guide shaft 14 consists of a generally rod 
55 shaped yoke portion 1 5 and a generally tubular guide 
portion 16. The yoke portion 15 is formed of a mate- 
rial of good permeability, and the guide portion 16 is 
preferably formed of a material of good permeability 
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and good bearing characteristics such as an oil in- 
cluding metal and the like. The yoke portion 15 is 
tightly received in and is connected to the guide por- 
tion 16. 

The guide shaft 14 is disposed In the central por- 
tion of the actuator arranging recess 5a in the direc- 
tion parallel to the common optical axes of the lenses 
6a, 6b, 6c, 7a, 7b, 7c ? 9a, 9b and the like or in the fore 
and aft directions, the opposite end portions of the 
guide shaft 14 being respectively directly supported 
on the front wall 3a of the front shell 3 and on the in- 
termediate wall 8 of the rear shell 4. 

Shown at 1 7 is a yoke member which consists in- 
tegrally of a generally tubular outer yoke portion 18 
and a generally disc shaped front surface portion 19 
closing thefront end of the tubular outer yoke portion 
1 8. The yoke member 1 7 is formed of a good perme- 
ability material. A cutout 18a is formed in the outer 
yoke portion 18 of the yoke member 17, said cutout 
18a being connected to a cutout 19a in the front sur- 
face portion 19. The cutouts 18a and 19a extend re- 
spectively along the range of about 90 degrees of the 
center angle with respect to the center of the yoke 
member 1 7. Thus, the yoke member 1 7 defines a gen- 
erally C-shaped cross-section. The front surface por- 
tion 19 has a generally circular opening 19b fn the 
central portion, and the opening 19b is connected to 
the cutout 19a. The inner diameter of the opening 19b 
corresponds to the outer diameter of the guide shaft 
14. 

The yoke member 17 is disposed in the actuator 
arranging recess 5a with the cutout portions 18a and 
19a of the yoke member 17 facing the center of the 
inner space 5. The yoke member 17 is secured to the 
front shell 3, and the inner peripheral surface of the 
opening 19b in the front surface portion 19 is in con- 
tact with the outer peripheral surface of the guide 
shaft 14. 

Magnet, Closed Magnetic Path 

Shown at 20 is a magnet of a generally tubular 
shape having a cutout 20a in the circumferential di- 
rection. The cutout 20a extends generally along the 
center angle of about 90 degrees with respect to the 
central axis of the magnet 20. The outer diameter of 
the magnet 20 is equal to the inner diameter of the 
outer yoke portion 18. The polarity of the magnet 20 
is such that the polarity is opposite in the direction 
perpendicular to the axial direction. 

The magnet 20 is secured to the outer yoke por- 
tion 18 with the outer peripheral surface thereof being 
in contact with the inner peripheral surface of the yoke 
portion 18 and the cutout 20a agrees with the cutout 
18a. 

The guide shaft 14, the magnet 20 and the yoke 
member 17 are coaxially arranged in the actuator ar- 
ranging space 5a sequentially from the common cen- 



ter line, and a generally annular space 21 defined be- 
tween the outer yoke potion 18 and the magnet 20 
and the guide shaft 14 is in communication with the 
inner space 5 through the cutouts 18a, 19a and 20a. 

5 The outer yoke portion 1 8 and the guide shaft 14 

are connected magnetically through the front surface 
portion, whereby the magnetic flux of the magnet 20 
makes a closed magnetic path routing through the 
magnet 20, the outer yoke portion 18, the front sur- 

10 face portion 19, the space 21, and the magnet 20. 

Movable Member, Movable Coil 



The movable member 13 comprises a short cyl- 

15 indricai lens retaining portion 22, generally ring shap- 
ed co-axial bearing portions 23 and 23 positioned 
outside of the lens retaining portion 22, a connecting 
portion 24 connecting these bearing portions 23 and 
23 with the lens retaining portion 22, and a leg portion 

20 25 projecting from the outer circumference of the lens 
retaining portion 22 in the direction toward the bear- 
ing portions 23 and 23. The movable member 1 3 is an 
integral member formed preferably of synthetic resin 
material. The connecting portion 24 has a width in the 

25 left and right directions which is slightly smaller than 
the width of the cutout 20a (Fig.2) and, has a gener- 
ally rectangular plate-like shape elongated in the di- 
rection of the axial direction of the lens retaining por- 
tion 22, with the front end portion being connected to 

30 the lens retaining portion 22 at the position opposite 
to the leg portion 25. The bearing portions 23 and 23 
have an outer diameter slightly smaller than the inner 
diameter of the magnet 20 and, are arranged to pro- 
ject from the opposite end portions of the connecting 

35 portion 24 in the direction opposite to the lens retain- 
ing portion 22. A groove 25a is formed in the tip end 
of the leg portion 25. 

The movable lens 10 is retained by the lens re- 
taining portion 22. 

40 Shown at 26 is a coil bobbin which comprises in- 

tegrally a generally tubular coil winding portion 26a, 
flange portions 26b and 26b projecting radially out- 
ward from the opposite ends of the portion 26a re- 
spectively, and bearing supporting portions 26c and 

45 26c extending from the outer circumference of the 
flange portions 26b and 26b respectively in the direc- 
tions separating from the coil winding portion 26a. 
The coil bobbin 26 is formed of insulating material. 
The inner diameter of the coil winding portion 26a is 

so slightly larger than the outer diameter of the guide 
shaft 14. 

A movable coil 27 is wound on the coil winding 
portion 26a, and ring shaped bearing metals 28 and 
28 are fitted forcively into the bearing retaining por- 
55 tions 26c and 26c of the coil bobbin 26 respectively. 
Further, respective bearing retaining portions 26c 
and 26c of the coil bobbin 26 are fitted forcively into 
the bearing portions 23 and 23 of the movable mem- 
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ber 1 3. Thus, the movable coil 27 is supported on the 
movable member 13. 

The openings in the bearing metals 28 and 28 
slidably engage with the guide shaft 14, and the 
groove 25a in the leg portion 25 of the movable mem- 
ber 13 engage slidably with the auxiliary guide shaft 
12. 

The movable member 13 is supported slidably on 
the guide shaft 14 and on the auxiliary guide shaft 12 
such that the member 13 Is movable in the direction 
parallel to the optical axis of the movable lens 10. 
Only the bearing portions 23 and 23 of the movable 
member 13 are located in the space 21 being sur- 
rounded by the outer yoke portion 18 and the magnet 
20, and the remaining portion of the movable member 
13 projects, through the cutouts 18a, 19a and 20a 
formed in the yoke member 17 and the magnet 20, 
outside of the space 21. The movable lens 10 is re- 
tained on the lens retaining portion 22 which is one 
element of the remaining portion of the movable 
member 13 projecting into the space 5. 

The movable coil 27 is located in the space 21, 
the axis of which extends in the direction perpendic- 
ular to the direction of the magnetic flux passing 
through the space 21. 

Operation 

When actuating electric current is supplied to the 
movable coil 27, the coil 27 receives a force to dis- 
place it in the axial direction and corresponding to that 
of the electric current Thus, the movable member 13 
is moved forward or rearward, and the movable lens 
10 is displaced in the axial direction. 

In the actuator 11, the connection between the 
bearing portions 23 and 23, which are portions of the 
movable member 13 and are supported on the guide 
shaft 14, and the lens retaining portion 22 for sup- 
porting the movable lens constituting the displace- 
able member is located outside the actuator 11 in the 
radial direction. Thus, it is not required to increase the 
axial length for disposing the connecting portion, and 
it is possible to minimize the axial length of the actua- 
tor 11. 

Further, the yoke portion 15 constituting the ra- 
dially inner portion of the guide shaft 14 acts as an 
inner yoke constituting a portion of the closed mag- 
netic path. Thus, it is not required to provide separate- 
ly an inner yoke, which enables to reduce the number 
of parts, and to reduce the ske of the actuator 11 in 
the direction perpendicular to the axial direction. 

Shown at 29 is a Hall element mounted on the In- 
ner peripheral surface of the Inner space 5, at 30 is 
an inclined magnet mounted on a projecting portion 
of the outer circumferential surface of the lens retain- 
ing portion 22 of the movable member 13. The Hall 
element 29 and the inclined magnet 30 constitute 
means for detecting the position of the movable mem- 
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ber 13. 

Second Embodiment (Fig.5, Fig.6) 

5 There is shown in Figures 5 and 6 a voice coil 

type actuator 31 according to the second embodi- 
ment of the present Invention. The second embodi- 
ment differs from the actuator of the first embodi- 
ment in that wall portions are provided on the oppo- 

10 site end portions of the outer yoke portion. According- 
ly, only the essential portion is shown in the drawings 
and the description will mainly be made with respect 
to the different points, and the same reference nu- 
merals are applied to corresponding parts and a de- 

15 tailed description therefor is omitted. Such reference 
numerals and the description are common to herein- 
after described embodiments of the second through 
sixth embodiments. 

Shown at numeral 32 is a yoke member which 

20 comprises an outer yoke portion 18, a front surface 
portion 19 formed integrally with the outer yoke por- 
tion, and a rear surface portion 19' secured to the 
rear end of the outer yoke portion and opposing the 
front surface portion 19. There are formed in the rear 

25 surface portion 19' a cutout 19'a corresponding to a 
cutout 19a in the front surface portion 19 and an 
opening 19'b corresponding to an opening 19b In the 
front surface portion 19. The inner peripheral surface 
of the opening 19'b contacts with the outer peripheral 

30 surface of the guide shaft 14 at the location near to 
the rear end thereof. 

The outer yoke portion 18 and the guide shaft 14 
are magnetically connected separately at locations 
near to the opposite ends through the front surface 

35 portion 19 and the rear surface portion 19'. Thus, 
there are formed two magnetic closed paths by the 
magnetic flux of the magnet 20, namely, a closed 
magnetic path passing respective front half portions 
of the magnet 20, the outeryoke portion 18,theguide 

40 shaft 14 and the space 21 and the front surface por- 
tion 19; and a closed magnetic path passing respec- 
tive rear half portions of the magnet 20, the outer 
yoke portion 18, the guide shaft 14 and the space 21 
and the rear surface portion 19'. Thus, respective 

45 halves of the magnetic flux of the magnet 20 flow 
along the above described two closed magnetic 
paths respectively, and it is possible to prevent the 
saturation of the magneticflux in the yoke member 32 
without increasing the thickness of the yoke member. 

so Thus, it Is possible to reduce the size of the actuator 
and to uniform the flux density along the length there- 
of throughout the length thereof. 

Third Embodiment (Fig.7 and Fig.8) 

55 

A voice coil type actuator 33 according to the 
third embodiment of the present invention is shown in 
Figures 7 and 8. 



5 



9 EPO 

The difference between the actuator 33 and the 
actuator 11 shown in Fig.1 through Fig.4 is that the 
magnet acting as a source for generating the magnet- 
ic flux acts also as connecting means for connecting 
magnetically the outer yoke portion with the Inner 
yoke portion. 

Shown at 34 is a magnet which Is relatively thick 
and is generally disc-shaped. There are formed in the 
magnet 34 a cutout 34a corresponding to the cutout 
18a in the outer yoke portion 18 and an opening 34b 
in the central portion of the cutout 34a. The outer cir- 
cumferential surface of the magnet 34 contacts with 
the inner peripheral surface of the front end portion 
of the outer yoke portion 18, and the inner circumfer- 
ential surface of the opening 34b contacts with the 
outer peripheral surface of the guide shaft 14. 

The magnet 34 is also formed to have a polarity 
which is different in the direction perpendicular with 
respect to the axial direction. 

The outer yoke portion 18 is an integral member. 

Since the outer yoke member 18 and the guide 
shaft 14 are connected magnetically through the 
magnet 34, the magnetic flux of the magnet 34 forms 
a closed magnetic path passing through the magnet 
34, the guide shaft 14, the space 21 and the outer 
yoke portion 18. 

It will be understood that the outer yoke portion 
18 of the actuator 33 takes the position where the 
magnet 20 of the actuator 11 is located. Therefore, ac- 
cording to the third embodiment, the size of the actua- 
tor in the direction perpendicular to the axial direction 
is further reduced. 

Fourth Embodiment (Fig.9 and Fig. 10) 

An actuator 35 according to the fourth embodi- 
ment of the present invention is shown in Figures 9 
and 10. 

The actuator 35 differs from the actuator 33 ac- 
cording to the third embodiment of the invent ton in 
that two magnets are arranged on the opposite ends 
of the range of the movement of the movable coil. 

In particular, in the actuator 35, two magnets 34 
and 34 are disposed in the opposite end portions of 
the outer yoke portion 1 8, with the outer circumferen- 
tial surfaces of the magnets being respectively in 
contact with the inner peripheral surfaces of the front 
and rear end portions of the outer yoke portion 18 re- 
spectively, and the openings 34b and 34b in the mag- 
nets 34 and 34 being respectively in contact with the 
front and rear end portions of the guide shaft 14 re- 
spectively. Thus, the guide shaft 14 acting as an inner 
yoke and the outer yoke portion 1 8 are connected 
magnetically and respectively through the two mag- 
nets 34 and 34 at the opposite end portions. There- 
fore, it is possible to substantially attain the uniform- 
ity of the density of the magnetic flux in the space 21 
and along the length thereof. 
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Fifth Embodiment (Fig.11 and Fig.12) 

A voice coil type actuator 36 according to the fifth 
embodiment of the present invention is shown in 
5 Fig.11 and Fig.12. 

The actuator 36 differs from the actuator 11 of 
the first embodiment mainly in that two movable 
members are moved separately by utilizing common- 
ly one guide shaft and one yoke member. 

10 In particular, shown at numeral 37 is a yoke mem- 
ber which consists of an outer yoke portion 18 and 
three connecting portions 38, 39 and 40. One of the 
connecting portions 38 is integrally formed with the 
outer yoke portion 18 and is positioned generally as 

15 an axial intermediate portion which is at the inner side 
of the outer yoke portion 18. The remaining connect- 
ing portions 39 and 40 are respectively secured to the 
front and rear ends of the outer yoke portion 18 and 
close the opposite ends of the inner space thereof. 

20 The connecting portions 38, 39 and 40 are respec- 
tively formed to have cutouts 38a, 39a and 40a cor- 
responding to the cutout 1 8a in the outer yoke portion 
18, and also to have openings 38b, 39b and 40b re- 
spectively in the central portions of respective con- 

25 necting portions. The inner circumferential surface of 
the opening 38b in the connecting portion 38 is in 
contact with the outer peripheral surface of the axial 
intermediate portion of the guide shaft 14, the inner 
circumferential surface of the opening 39b in the front 

30 connecting portion 39 is in contact with the outer per- 
ipheral surface of the portion near to the front end of 
the guide shaft 14 and the inner circumferential sur- 
face of the opening 40b in the rear connecting portion 
40 is in contact with the outer peripheral surface of the 

35 portion near to the rear end of the guide shaft 14. 

There are disposed a magnet (referred herein- 
af te r as a first magnet) 20 at the inner side of the yoke 
member 37 and between the front connecting portion 
39 and the intermediate connecting portion 38, and 

40 a magnet 20' (referred hereinafter as a second mag- 
net) at the inner side of the yoke member 37 and be- 
tween the rear connecting portion 40 and the inter- 
mediate connecting portion 38. Respective magnets 
20 and 20' are secured to the outer yoke portion 18 

45 with the outer circumference of respective magnets 
20 and 20' being in contact with the inner peripheral 
surface of the outer yoke portion 18. 

The polarity of the magnet 20 and that of the mag- 
net 20' are determined to coincide in the direction per- 

50 pendicular to the direction of the axes thereof. 

The magnetic flux of the first magnet 20 makes 
a closed magnetic path passing through the outer 
yoke portion 18, the connecting portion 39, the guide 
shaft 14, the space 21 and the magnet 20, and also 

55 a closed magnetic path passing through the outer 
yoke portion 18, the connecting portion 38, the guide 
shaft 14, the space 21 and the magnet 20. The mag- 
netic flux of the second magnet 20' makes a closed 
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magnetic path passing through the outer yoke portion 
18, the connecting portion 38, the guide shaft 14, the 
space 21 ' and the magnet 20', and also a closed mag- 
netic path passing through the outer yoke portion 18, 
the connecting portion 40, the guide shaft 14, the 
space 21' and the magnet 20'. 

Shown at 1 3 is a movable member (referred here- 
inafter as a first movable member) having a construc- 
tion similar to that of the movable member 13 of the 
first embodiment and, at 13' is also a movable mem- 
ber (referred hereinafter as a second movable mem- 
ber) the construction of which being generally similar 
to the first movable member. Displaceable lens 43 
consisting of lenses 41 and 42 Is mounted on a lens 
retaining portion 22 of the movable member 13' for 
adjusting the focus of the camera. 

The first movable member 13 has bearing por- 
tions 23 and 23 being slidably supported on the guide 
shaft 14 at the front side of the intermediate connect- 
ing portion 38, and the second movable member 13' 
has bearing portions 23 and 23 being slidably sup- 
ported on the guide shaft 14 at the rear side of the in- 
termediate connecting portion 38. 

These movable members 13 and 13' are inde- 
pendently moved by supplying actuating electric cur- 
rent separately to the movable coils 27 and 27. 

According to the actuator 36, it is possible to 
move two movable members 13 and 13' indepen- 
dently with the yoke member and the guide shaft be- 
ing commonly utilized. Thus, it is possible to substan- 
tially reduce the number of parts as compared with 
the case where two actuators corresponding respec- 
tively to these two movable members 1 3 and 13' are 
provided. Further, the length in the axial direction can 
also be reduced, and since two movable members 1 3 
and 13' are guided commonly by a single guide shaft 
the attitude and the direction of the movement of the 
movable members 1 3 and 1 3' can accurately coincide 
with each other. 

Sixth Embodiment (Fig.13 and Fig. 14) 

A voice coil type actuator 44 according to a sixth 
embodiment of the present invention is shown in 
Fig.13 and Fig.14. 

The actuator 44 differs from the actuator 36 of 
the fifth embodiment in that the function of the con- 
necting portion connecting magnetically the outer 
yoke portion with the guide shaft is performed by the 
magnet. 

Shown at 45, 46 and 47 are magnets having gen- 
erally similar configuration as compared with the 
magnet 34 of the third embodiment. Further, there are 
provided in respective magnets 46, 46 and 47 cutouts 
45a, 46a and 47a corresponding to the cutout 18a in 
the outer yoke portion 18, and openings 45b, 46b and 
47b in respective central portion of the magnets 45, 
46 and 47 respectively. The inner circumferential sur- 
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faces of the openings 45b, 46b and 47b are in contact 
with respective outer peripheral surfaces of the guide 
shaft 14. 

The magnetic flux of the front magnet 46 forms 

5 a closed magnetic path passing through a portion of 
the outer yoke portion 18 which corresponds gener- 
ally to the front half of the space 21 , the space 21 , the 
guide shaft 14, and the magnet 46. The magnetic flux 
of the rear magnet 47 forms a closed magnetic path 

10 passing through a portion of the outer yoke portion 18 
which corresponds generally to the rear half of the 
space 21', the space 21', the guide shaft 14, and the 
magnet 47. Further, the magnetic flux of the central 
magnet 45 forms a closed magnetic path passing 

15 through a portion of the outer yoke portion 1 8 which 
corresponds generally to the rear half of the space 21 , 
the space 21, the guide shaft 14, and the magnet 45 
and also a closed magnetic path passing through a 
portion of the outer yoke portion 18 which corre- 

20 s ponds generally to the front half of the space 21 ', the 
space 21', the guide shaft 14, and the magnet 45. 

According to the actuator 44 it is possible to re- 
duce the size in the direction perpendicular to the ax- 
ial direction and to make the density of the magnetic 

25 flux uniform along the length thereof, whereby the ac- 
tuator can be operated in a stable and reliable man- 
ner. 

Advantages of the Invention 

30 

As described in detail heretofore, the voice coil 
type actuator according to the present invention com- 
prises a guide shaft formed of a material having at 
least a portion in the radial direction in the cross- 

35 section which is permeable, a movable member slid- 
ably supported on the guide shaft, a movable coil 
supported coaxially with the guide shaft on the mov- 
able member, a generally tubular yoke surrounding 
the movable coil and covering the range of the move- 

40 ment thereof, a magnetic f ield generating magnet be- 
ing in contact with the yoke, an axially extending cut- 
out formed in the yoke, and a portion of the movable 
member projecting through the cutout for supporting 
a displaceable member. 

45 Thus, according to the invention, since a portion 
of a movable member which is supported on the guide 
shaft is connected to a displaceable member or a 
member supporting the displaceable member at the 
outside of the actuator, such a connection does not 

so require to increase the axial length of the actuator, 
i.e., the axial length of the actuator can be reduced as 
compared with prior art actuators. Further, since the 
guide shaft for supporting the movable member acts 
also as an inner yoke, it is possible to omit an inde- 

55 pendent inner yoke, thereby reducing the number of 
parts and, f urther, it is possible to reduce the size in 
the direction perpendicular to the axial direction. 
In the embodiments, the central portion of the 
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guide shaft is formed of a material having good per- 
meability, and the outer portion of the guide shaft is 
formed of a metal having a good bearing characteris- 
tics, which enables to attain smooth sliding move- 
ment. 

it will be understood that the guide shaft may be 
formed of a materia! of good permeability throughout 
the entire section. 

Further, in above described second, fourth, fifth 
and sixth embodiments, there are provided members 
for connecting magnetically the guide shaft and the 
outer yoke at two locations corresponding respec- 
tively to opposite ends of the range of the movement 
of the movable coil, whereby, the closed magnetic 
path formed by the magnet can be divided in the axial 
direction into two paths, which enables to uniform 
substantially the density of the magnetic flux with re- 
spect to the direction of the movement of the movable 
coil, and to substantially prevent the saturation of the 
magnetic flux in the magnetic path and, therefore, it 
is possible to reduce the size of the actuator in the di- 
rection perpendicular to the axial direction substan- 
tially. 

Further, in the fifth and sixth embodiments, two 
spaces are formed independently for permitting the 
movement of respective two movable coils indepen- 
dently, with a single guide shaft and a single yoke be- 
ing commonly utilized, whereby it is possible to coin- 
cide precisely and reliably the direction of the move- 
ment of two movable members and the attitude 
thereof. 

In the embodiments described as above, the 
present invention is applied on a voice coil type ac- 
tuator for displacing displaceabie lenses in the lens 
system of a camera. However, the present invention 
is not limited to these embodiments and can be ap- 
plied to various voice coil type actuators for displac- 
ing members in the linear direction. 

Claims 

1 . A voice coil type actuator lodged in a housing (3, 
4), said actuator comprising a guide shaft (14) 
formed of a material having at least a portion 
which is permeable in the radial direction in a 
cross-section, a movable member (13) slidably 
supported on the guide shaft, a movable coil (26) 
supported coaxially with the guide shaft on the 
movable member, a generally tubular yoke (15; 
17; 18) surrounding the movable coil and cover- 
ing the range of the movement thereof, a magnet- 
ic field generating magnet (20; 34; 45-47) being 
in contact with the yoke, an axialiy extending cut- 
out (1 8a, 19a, 20a) being formed in the yoke, and 
a portion of the movable member projecting 
through the cutout for supporting a displaceabie 
member, characterized in that said housing (3, 4) 



has a shell type structure comprising front and 
rear shells (respectively 3, 4), opposite end por- 
tions of said guide shaft being respectively di- 
rectly supported on the front wall (3a) of said 
5 front shell (3) and on the intermediate wall (8) of 

said rear shell (4). 

2. A voice coil type actuator according to claim 1, in 
which said magnetic field generating magnet (45) 

10 has a generally cylindrical shape having a cutout 

corresponding to the cutout in said yoke (18) and 
the outer circumferential surface being in contact 
with the inner circumferential surface of said 
yoke. 

15 

3. A voice call type actuator according to clai m 1 , in 
which said magnetic field generating magnet (34) 
has a generally disc shape having a cutout cor- 
responding to the cutout in said yoke and the out- 

20 er circumferential surface being in contact with 

the inner circumferential end surface of said 
yoke. 

4. A voice type actuator according to claim 3, in 
25 which said disc-shaped magnetic field generat- 
ing magnet (34) is provided at each opposite end 
portions of said yoke (18). 

5. A voice coil type actuator according to claim 1 , in 
30 which a plurality of said movable members are 

provided with a single guide shaft and a single 
yoke (18) being commonly provided for said mov- 
able members. 

35 6. A voice coil type actuator according to claim 5, in 
which a plurality of magnetic field generating 
magnets are provided (45-47), with each of these 
magnets being of a generally cylindrical shape 
and having a cutout corresponding to the cutout 

40 in said yoke and the outer circumferential surface 
thereof being in contact with the inner circumfer- 
ential surface of said yoke. 

7. A voice coil type actuator according to claim 5, in 
45 which a plurality of magnetic field generating 

magnets (34) are provided, with each of these 
magnets being of a generally disc shape and hav- 
ing a cutout corresponding to the cutout in said 
yoke (18) and the outer circumferential surface 
50 thereof being in contact with the inner surface of 

said yoke. 

8. A voice coil type actuator according to claim 1 , in 
which there are provided means for detecting the 

55 position of the movable member being mounted 

on the movable member (13), and a detecting 
element (29, 30) mounted on the inner surface of 
a main body of the movable member (1 3) thereby 

8 
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detecting the position thereof. 

9. A voice coil type actuator according to claim 8, in 
which said means for detecting the position of the 
movable member is an inclined magnet. 

10. A voice coil type actuator according to claim 8 t in 
which said means for detecting the position of the 
movable member is a Hail element (29). 



Patentanspriiche 

1. In einem Gehause (3, 4) angeordneter 
Schwingspulenaktuator, wobei der Aktuator eine 
FQhrungswelle (14) aufweist, die aus einem Ma- 
terial besteht, das wenigstens einen Bereich hat, 
der in der radialen Richtung in einem Quer- 
schnittsbereich permeabel ist, ein bewegbares 
Teil (13), das auf der FGhrungswelle gleitend ge- 
iagert ist, eine bewegbare Spule (24), die koaxial 
zur FGhrungswelle auf dem bewegbaren Teil ge- 
lagert ist, ein in etwa rohrformiges Joch (15; 17; 
1 8), das die bewegbare Spule umgibt und dessen 
Bewegungsbereich uberdeckt, einen ein magne- 
tisches Feld erzeugenden Magneton (20; 34; 45- 
47), der in Kontakt mit dem Joch ist, einen axial 
sich erstreckenden Ausschnitt (18a, 19a, 20a), 
der im Joch gebildet ist, und ein Teil des beweg- 
baren Teils, das sich durch den Ausschnitt er- 
streckt, urn ein verschiebbares Teil zu lagern, da- 
durch gekennzeichnet, 

da& das Gehause (3, 4) einen mantelfSrmigen 
Aufbau mit jeweils einem vorderen und hinteren 
Mantel (3, 4) gegenuberEndteilen der FGhrungs- 
welle aufweist, die jeweils unmittelbar an der Vor- 
derwand (3a) des vorderen Mantels (3) und an 
der Zwischenwand (8) des hinteren Mantels (4) 
gelagert sind. 

2. Schwingspulenaktuator nach Anspruch 1 , wobei 
der ein Magnetfeld erzeugende Magnet (45) eine 
in etwa zylindrlsche Form aufweist und einen 
Ausschnitt hat, der dem Ausschnitt im Joch (18) 
entspricht, und wobei die aufcere Umfangsober- 
flache mit der inneren Umfangsoberflache des 
Jochs in Kontakt stent 

3. Schwingspulenaktuator nach Anspruch 1, wobei 
der ein Magnetfeld erzeugende Magnet (34) eine 
in etwa scheibenfSrmige Form aufweist und ei- 
nen Ausschnitt hat, der dem Ausschnitt im Joch 
entspricht, und wobei die auBere Umfangsober- 
flache mit der inneren Umfangsoberflache des 
Jochs in Kontakt steht. 

4. Schwingspulenaktuator nach Anspruch 3, wobei 
der ein Magnetfeld erzeugende scheibenfSrmige 



Magnet (34) an jedem entgegengesetzten End- 
teil des Jochs (18) angeordnet ist. 

5. Schwingspulenaktuator nach Anspruch 1 , wobei 
5 mehrere bewegbare Teile vorgesehen sind, wo- 

bei eine einzige FGhrungswelle und ein einziges 
Joch (18) gemeinsam fur die bewegbaren Teile 
vorgesehen sind. 

w 6. Schwingspulenaktuator nach Anspruch 5, wobei 
mehrere ein Magnetfeld erzeugende Magnete 
(45-47) vorgesehen sind, wobei jeder dieser Ma- 
gnete eine in etwa zylindrische Form aufweist 
und einen Ausschnitt hat, der dem Ausschnitt im 

is Joch entspricht, und wobei dessen au&ere Um- 

fangsoberflache mit der inneren Umfangsober- 
flache des Jochs in Kontakt steht. 

7. Schwingspulenaktuator nach Anspruch 5, bei 
20 dem mehrere ein Magnetfeld erzeugende Ma- 
gnete (34) vorgesehen sind, wobei jeder dieser 
Magnete eine in etwa scheibenformige Form auf- 
weist und einen Ausschnitt hat, der dem Aus- 
schnitt im Joch (18) entspricht, und wobei des- 

25 sen au&ere Umfangsoberflache mit der inneren 
Oberflache des Jochs in Kontakt steht. 

8. Schwingspulenaktuator nach Anspruch 1 , wobei 
Mittel zur Ermittlung der Steliung des bewegba- 

30 ren Teils, das auf dem bewegbaren Teil (13) be- 

festigt ist, und ein Ermittlungselement (29, 30), 
das auf der inneren Oberflache des Hauptkor- 
pers des bewegbaren Elements (13) befestigt ist, 
urn dessen Steliung zu ermitteln, vorgesehen 

35 sind. 

9. Schwingspulenaktuator nach Anspruch 8, wobei 
die Mittel zur Ermittlung der Steliung des beweg- 
baren Teils ein geneigter Magnet sind. 



40 

10. Schwingspulenaktuator nach Anspruch 8, wobei 
die Mittel zur Ermittlung der Lage des bewegba- 
ren Elements ein Hall-Element (29) sind. 

45 

Revendications 

1. Actionneurdu type a bobine mobile, loge dans un 
boTtier (3, 4), ledit actionneur comprenant un ar- 

so bre guide (14) forme en un mattsriau dont au 
moins une partie est permeable dans la direction 
radiale en section transversale, un element mo- 
bile (13) supporte de maniere coulissante surPar- 
bre guide, un bobinage mobile (26) supporte 

55 coaxial ement a Tarbre guide sur I'element mobi- 

le, une culasse generalement tubulaire (15; 17; 
18) entourant la bobine mobile et couvrant la pla- 
ge de deplacement de celle-ci, un aimant qui pro- 
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2. 



dult un champ magnetique (20; 34; 45-47) etant 
en contact avec la culasse, une entaille axiaie 
(18a, 19a, 20a) 6tant formee dans (a culasse, et 
une partie de ('element mobile se projetant a tra- 
vers rental lie afin de supporter un element de- 5 
placable, caracterise en ce que ledit bottler (3, 4) 
a une structure du type a coques comprenant 
une coque avant et une coque arriere (3, 4 res- 
pectivement), des parties d'extremitesopposees 
dud it arbre guide 6tant respect ivement directe- 10 
ment supportees sur la parol avant (3a) de ladite 
coque avant (3) et sur la parol intermediate (8) 
de ladite coque arriere (4). 

Actionneur du type a bobine mobile selon la re- 15 
vendicatlon 1 , dans lequel ledit aimant (45) a une 
forme generalement cylindrique et comporte une 
entaille qui correspond a rental lie dans ladite 
culasse (18), et la surface circonferentielle exte- 
rieure 6tant en contact avec la surface circonfe- 20 
rentielle interieure de ladite culasse. 



8. Actionneur selon ia revendication 1, dans lequel 
sont prevus des moyens pour detecter la posi- 
tion de re!6ment mobile, ces moyens 6tantmon- 
tes sur Tenement mobile (13) et il est prevu un ele- 
ment de detection (29, 30) monte sur ia surface 
interieure d'un corps principal de I'element mobi- 
le (13) pour detecter a insi la position de celui-ci. 

9. Actionneur selon la revendication 8, dans lequel 
lesdits moyens pour detecter ia position de I'ele- 
ment mobile sont constitues par un aimant incli- 
ne. 

10. Actionneur selon la revendication 8, dans lequel 
lesdits moyens pour detecter la position de I'ele- 
ment mobile sont constitues par un element de 
Hall (29). 



Actionneur selon la revendication 1, dans lequel 
ledit aimant (34) a generalement la forme d'un 
disque comportant une entaille qui correspond a 
I'entaille dans ladite culasse, et la surface circon- 
ferentielle exterieure 6tanten contact avec ia sur- 
face d'extremite circonferentielle interieure de la- 
dite culasse. 

Actionneur selon la revendication 3, dans lequel 
ledit aimant en forme de disque (34) est prevu a 
chaque partie d'extr^mite opposee de ladite 
culasse (18). 

Actionneur selon la revendication 1, dans lequel 
une pluralite d'elements mobiles sont prevus, 
avec un arbre guide unique et une culasse unique 
(18) 6tant prevus en commun pour lesdits ele- 
ments mobiles. 
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Actionneur selon la revendication 5, dans lequel 
sont prevus une pluralite d'aimants (45-47) qui 
produisent des champs magnetiques, chacun de 
ses aimants ayant une forme generalement cy- 
lindrique et presentant une entaille qui corres- 
pond a i'entaille dans ladite culasse, etsa surface 
circonferentielle exterieure etant en contact avec 
la surface circonferentielle interieure de ladite 
culasse. 
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Actionneur selon la revendication 5, dans lequel 
une pluralite d'aimants (34) sont prevus, chacun 
de ces aimants ayant generalement la forme d'un 
disque et presentant une entaille qui correspond 
a I'entaille dans ladite culasse (18), et sa surface 
circonferentielle exterieure etant en contact avec 
la surface interieure de ladite culasse. 
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FIG. 2 
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